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The Identification of the High Risk Carotid Plaque 
N. EI-Barghouty*, A. Nicolaides, V. Bahai, G. Geroulakos and A. Androulakis 
Academic Surgical Unit, St. Mary's Hospital Medical School, London, U.K. 
Objective: To determine the influence of carotid plaque morphology and severity of stenosis on symptoms of 
cerebrovascular disease and cerebral infarction. 
Patients and methods: One hundred and ninety patients with 329 carotid plaques producing 50-99% stenosis were 
studied. Carotid plaque chogenicity on ultrasonography was evaluated using computerised measurement of the median of 
the overall grey scale content (GSM). Heterogeneity was evaluated as the difference between the GSMs of the most 
echogenic and the most echolucent areas within each plaque and expressed as the heterogeneity ndex (HI). All patients had 
a CT brain scan and the presence of ipsilateral cerebral infarction noted. 
Results: Cerebral infarction was more common in symptomatic than asymptomatic plaques (42% vs. 29%, p < 0.02) and 
in echolucent than echogenic plaques (mean GSM of 37.8 vs. 29.7, p < 0.01). Plaques with GSM below or equal to 32 were 
associated with a higher incidence of cerebral infarction as compared to those above this level, this was significant in both 
symptomatic and asymptomatic plaques. Symptomatic carotid plaque were less heterogenous than asymptomatic plaques. 
Plaques associated with cerebral infarction were less heterogenous than those not associated with infarction. 
Conclusion: This study has shown that the identification of the high risk carotid plaques, i.e. those associated with a high 
incidence of cerebral infarction is possible both in symptomatic and asymptomatic patients. The potential of such analysis 
in the identification of patients with asymptomatic carotid stenosis with high and low risk of stroke should be explored in 
a natural history study. 
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Introduction 
The North American Symptomatic Carotid Endarter- 
ectomy Trial (NASCET), 19911 and the European 
Carotid Surgery Trial (ECST), 19912 have shown that 
symptomatic patients with severe 70-99% internal 
carotid artery stenosis carry a substantial risk of 
ipsilateral ischaemic stroke and that surgery results in 
a six-fold reduction of this risk. In addition, early 
reports from the Asymptomatic Carotid Atheroscler- 
osis Study (ACAS) have indicated that the relative 
stroke risk reduction in patients with asymptomatic 
advanced carotid stenosis conferred by surgery was 
55% .3 
Although high grade carotid stenosis does predis- 
pose to transient cerebral ischaemia nd stroke, most 
cerebrovascular events are associated with less severe 
stenosis. If surgery is to have an impact on the 
reduction of stroke in the commul~it3~ then there is a 
need to find what other factors may be important in 
the development of embolic stroke arising from the 
*Please address all correspondence to: Naif M. E1-Barghouty, 9 
Woodhorn Gardens, Wide Open, Tyne & Wear, NE13 6AG, U.K. 
carotid artery. The role of plaque morphology as an 
independent risk of cerebrovascular events must then 
be evaluated. 
Duplex scanning has the ability of not only deter- 
mining the degree of carotid stenosis, based on flow 
characteristics, but also the plaque structure which has 
the potential to separate out patients at high risk of 
developing a stroke from those carrying a low risk 
independent of the degree of stenosis. It has been 
shown that in asymptomatic patients with advanced 
carotid stenosis the presence of echolucent lipid laden 
or haemorrhagic plaques is associated with a higher 
risk of subsequent eurogenic events as compared to 
echogenic fibrous plaques. 4 In addition echogenic 
plaques were found to be more prevalent in asympto- 
matic patients, while echolucent plaques were more 
common in patients with symptomatic cerebravas- 
cular disease and were associated with a higher 
incidence of cerebral infarctions, thus considered high 
risk unstable plaques. 5'6 
The presence of cerebral infarction on computer 
tomography (CT) in patients with advanced carotid 
stenosis was found to be associated with an increased 
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risk of subsequent neurologic events and shorter 
survival time. Thus carotid plaques which are asso- 
ciated with cerebral infarction are considered to be 
high risk unstable plaques. 7's 
Carotid stenosis was found to be more frequent and 
more severe in patients with symptomatic cerebrovas- 
cular disease than in asymptomatic patients. 9 In 
addition, asymptomatic patients with more than 75% 
carotid stenosis have a combined transient ischaemic 
attack and stroke rate of 10.5% per year, with 75% of 
events ipsilateral to the stenosed artery, as compared 
to an annual stroke rate of 1.3% in patients with less 
than 75% stenosis. 1° Cerebral infarctions ipsilateral to 
the carotid stenosis were found in 10% of patients with 
mild (35-50%) stenosis, 17% with moderate (50-75%) 
stenosis and 30% with severe (> 75%) stenosis, thus 
the more severe the carotid stenosis, the higher the 
incidence of ipsilateral cerebral infarctionJ ~ 
Carotid plaques has been classified according to 
their appearance on ultrasonography into homoge- 
nous and heterogenous plaques. The homogenous 
pattern was characterised by uniformly high or 
medium level echoes, thus predominantly echogenic. 
The heterogenous pattern consisted of a mixture of 
high, medium and low echoes, usually low and 
medium level, thus predominantly echolucent. Het- 
erogenous plaques were found to be associated with 
an increased risk of subsequent eurogenic events and 
were considered unstable plaques with the possibility 
of causing cerebral ischaemia, lz 
To date, however, the study of carotid plaque 
morphology on ultrasonography relied on visual 
characterisation based on subjective and qualitative 
evaluation of the B-mode images. 
The aim of this study was to use an objective and 
quantitative method to evaluate plaque morphology 
by grading plaque echogenicity and heterogeneity 
using computerised measurements which provides an 
operator-independent assessment of plaque echoic 
structure which could prove more accurate than visual 
characterisation and to determine the influence of 
plaque morphology (echogenicity and heterogeneity) 
and degree of carotid stenosis on symptoms of 
cerebrovascular disease and cerebral infarction, thus 
identifying the high risk carotid plaque. 
Patients and Methods 
Carotid plaque echogenicity and degree of stenosis 
were evaluated in 190 consecutive patients with 329 
carotid plaques producing 50-99% stenosis as meas- 
ured by Duplex scan. One hundred and sixty-one 
plaques were from asymptomatic sides, 72 were 
associated with amaurosis fugax, 50 with transient 
ischaemic attacks and 46 with stroke. 
Plaque heterogeneity was subsequently measured 
in a subgroup of 52 patients with 89 plaques, of which 
40 were from asymptomatic sides, 14 were associated 
with transient ischaemic attacks, 20 with amourosis 
fugax and 15 with stroke. 
All patients had a computer tomography brain scan 
and the presence of ipsilateral focal cerebral infarction 
in the carotid territory was noted. 
All scans were performed with an Ultramark 4 ATL 
Duplex scanner (Advanced Technology Laboratories, 
Letchworth, U.K.) with a 7.5 MHz high - resolution 
linear scan head. The overall plaque echogenicity 
measured as the grey scale median (GSM) was 
evaluated for each plaque using computerised image 
analysis as described in a previous tudy. 13 The higher 
the GSM the more echogenic was the plaque. 
Plaque heterogeneity was evaluated as the differ- 
ence between the GSMs of the most echogenic and the 
most echolucent areas within each plaque so long as 
each constituted rhore than 25% of the plaque surface 
so as to be certain that the studied area constituted a 
substantial part of the plaque. This was expressed as 
the heterogeneity index (HI). The greater the index, 
the more heterogenous was the plaque. 
Statistical analysis of the data was performed using 
SAS system (SAS Institute Inc., Cary, NC, U.S.A.) at 
the Academic Department of Public Health (St. Mary's 
Hospital Medical School London, U.K.). 
Results 
One hundred and seventeen (35%) of the 329 carotid 
plaques were associated with cerebral infarction. 
Among the 168 symptomatic plaques, 70 (42%) were 
associated with infarction and among the 161 asymp- 
tomatic plaques, 47 (29%) were associated with infarc- 
tion, indicating that the incidence of cerebral infarc- 
tion was higher in symptomatic plaques as compared 
to asymptomatic plaques (Chi-square = 5.6, p < 0.02). 
The mean of the grey scale medians of the plaques 
associated with infarction was 29.7 as compared to 
37.8 for plaques not associated with infarction (Wil- 
coxon test, p < 0.01), indicating that plaques associated 
with infarction are more echolucent as compared with 
those not associated with infarction. 
The mean of the grey scale medians of symptomatic 
plaques was 33.6 as compared to 36.4 for the asympto- 
matic plaques (Wilcoxon test, p < 0.01), indicating that 
symptomatic plaques are more echolucent that 
asymptomatic plaques. 
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The distributions of the grey scale medians in incidence of 12% (18/155) cerebral infarction. In 
relation to cerebral infarction and symptoms are contrast plaques with grey scale median below or 
shown in Figs 1 and 2. The cut off level of grey scale equal to 32 were associated with 57% (99/174) 
median of 32 can separate plaques associated with incidence of CT infarction (Chi-squared =73, 
cerebral infarction and symptoms from those with no p < 0.001), (Relative Risk (R.R.): 6.27, 95% Confidence 
infarction and asymptomatic.  Plaques with a grey Interval (C.I.): 3.8-10.3). 
scale median more than 32 were associated with an In addition, plaques with grey scale median more 
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Fig. 1. The distribution of the grey scale medians (GSM) in plaques associated with cerebral infarction (O) and those not associated with 
infarction (©). 
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Fig. 2. The distribution of the grey scale medians (GSM) in symptomatic (Q) and asymptomatic (©) plaques. 
Eur J Vasc Endovasc Surg Vol 11, May 1996 
High Risk Carotid Plaque 473 
than 32 are associated with an incidence of 39% 
(62/157) symptoms of cerebrovascular disease, in 
contrast plaques with grey scale median below or 
equal 32 were associated with a 62% (106/172) 
incidence of symptoms (Chi-square = 16.1, 
p < 0.001). 
The mean of the grey scale medians of symptomatic 
plaques associated with cerebral infarction was 29.9 as 
compared to 36.2 for symptomatic plaques not asso- 
ciated with infarction (Wilcoxon test, p < 0.01). The 
mean of the grey scale median of asymptomatic 
plaques associated with cerebral infarction was 29.7 as 
compared to 39.1 for asymptomatic plaques not 
associated with infarction (Wilcoxon test, p <0.01). 
Asymptomatic plaques with grey scale median more 
than 32 were associated with an incidence of 7% 
(7/94), while those with grey scale median below or 
equal to 32 were associated with an incidence of 60% 
(40/67) CT infarction (Chi-square -- 52, p<0.001), 
(R.R. = 8.3, 95% C.I. = 3.8-18). Symptomatic plaques 
with grey scale median more than 32 were associated 
with an incidence of 21% (13/63), while those with 
grey scale median below or equal to 32 were asso- 
ciated with an incidence of 54% (57/405) CT infarction 
(Chi-square = 7.16, p < 0.01), (R.R. = 6.3, 95% C.I. = 
3.06-12.8). 
This indicates that the overall positive predictive 
value of plaques with grey scale median above 32 to 
be not associated with cerebral infarction is 88% and 
that of plaques with grey scale median equal to or 
below 32 to be associated with cerebral infarction is 
57%. In case of asymptomatic plaques these values are 
93% and 60%, while in symptomatic plaques they are 
79% and 54% resp'ectively. 
The distributions ofthe degree of stenosis in relation 
to cerebral infarction and symptoms are shown in Figs 
3 and 4. The mean degree of carotid stenosis of 
plaques associated with cerebral infarction was 76% as 
compared with 69% for plaques not associated with 
infarction (Wilcoxon test, p < 0.01), indicating that the 
higher the degree of stenosis the higher the incidence 
of cerebral infarction. The mean degree of carotid 
stenosis of symptomatic plaques was 80% as com- 
pared to 65% for asymptomatic plaques (Wilcoxon 
test, p < 0.01). In addition, 78% of the asymptomatic 
plaques were associated with 50-79% stenosis while 
57% of the symptomatic plaques were associated with 
80-99% stenosis (Chi-square = 26.87, p < 0.001), indi- 
cating that the higher the degree of carotid stenosis the 
higher the incidence of symptoms of cerebrovascular 
disease. The mean degree of carotid stenosis of 
symptomatic plaques associated with cerebral ififarc- 
tion was 78% and that of the symptomatic plaques not 
associated with infarction was 77% (Wilcoxon text, p = 
0.8), in contrast the mean degree of carotid stenosis of 
asymptomatic plaques associated with infarction was 
73% as compared to 61% in asymptomatic plaques not 
associated with infarction (Wilcoxon test p<0.01), 
indicating that the relation between the degree of 
stenosis and cerebral infarction is more significant in 
asymptomatic han symptomatic plaques. 
The higher the degree of carotid stenosis the more 
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Fig. 3. The distribution fthe degree of carotid stenosis (%STEN) in plaques associated with cerebral infarction (0) and no infarction 
(o). 
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Fig. 4.The distribution fthe degree of carotid stenosis (%STEN) in symptomatic (@) and asymptomatic (©)plaques. 
echolucent were the plaques. When plaques are 
considered irrespective to their clinical presentation, 
the higher the degree of carotid stenosis the lower the 
grey scale medians of the plaques (Spearman correla- 
tion coefficient, r---0.259, p = 0.001). 
In asymptomatic plaques, the higher the degree of 
carotid stenosis the lower the grey scale medians of 
the plaques (Spearman correlation coefficient, 
r=-0.282, p=0.0017). In symptomatic plaques, the 
same relation exists (Spearman correlation coefficient, 
r = -0.192, p = 0.0386). Thus, in both symptomatic and 
asymptomatic plaques the higher the degree of sten- 
osis the more echolucent are the plaques. 
Logistic regression analysis of the factors that may 
influence the presence of symptoms of cerebrovas- 
cular disease specifically the grey scale median of the 
plaque (GSM), degree of carotid stenosis and the 
presence of cerebral infarction has shown that the 
most important factor that influences the presence of 
symptoms i the degree of carotid stenosis (Table 1). 
On the other hand, logistic regression analysis of the 
factors that may influence the presence of ipsilateral 
Table 1. Logistic regression analysis of the factors influencing 
symptoms of cerebrovascular disease 
Parameter Estimate p-value 
Intercept 4.248 0.0001 
GSM 0.0193 0.1642 
% stenosis 0.0488 0.0001" 
Symptoms 0.093 0.7699 
*Denotes statistical significance. 
cerebral infarction specifically the grey scale median of 
the plaque (GSM), degree of carotid stenosis and the 
presence of symptoms has shown that the most 
important factor that influences the presence of 
ipsilateral cerebral infarction is the grey scale median 
which is the measure of plaque echogenicity (Table 
2). 
Plaque heterogeneity was subsequently studied in a 
subgroup of 52 patients with 89 carotid plaques. 
Thirty-two (36%) of the 89 plaques were associated 
with cerebral infarction. Twenty-four of the 49 (49%) 
symptomatic plaques were associated with infarction, 
while 8 of the 40 (20%) asymptomatic plaques were 
associated with infarction. 
Fig. 5 shows the heterogeneity indexes of plaques 
which are associated with and without cerebral 
infarction while Fig. 6 shows their frequency distribu- 
tion. The mean of the heterogeneity indexes of the 
plaques associated with cerebral infarction was 11.69 
(S.D.--11) and that of those not associated with 
infarction was 15.23 (S.D.=11.1) indicating that 
plaques associated with infarction are less hetero- 
Table 2. Logistic regression analysis of the factors influencing 
cerebral infarction 
Parameter Estimate p-value 
Intercept 2.7729 0.008 
GSM -0.1274 0.0001" 
% stenosis 0.012 0.202 
Cerebral infarction -0.0422 0.89 
*Denotes statistical significance. 
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genous than those not associated with infarction 
(Wilcoxon test, p = 0.04). 
Figure 7 shows the heterogeneity indexes of symp- 
tomatic and asymptomatic plaques while Fig. 8 shows 
their frequency distribution. The mean of the hetero- 
geneity indexes of symptomatic plaques was 10.55 
(S.D. = 7.5) and that of asymptomatic plaques was 18.13 
(S.D. = 13.1). Symptomatic plaques tend to be less 
heterogenous than asymptomatic plaques (Wilcoxon 
test, p = 0.01). 
Using a cut-off heterogeneity index (HI) value of 20, 
results in 92% specificity and 76% sensitivity in 
identifying symptomatic plaques, since 44 of 48 (92%) 
symptomatic plaques had HI below or equal 20, while 
5o I 
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16 out of 21 (76%) plaques with HI above 20 were 
asymptomatic. On the other hand 65% (44/67) of 
plaques with HI below or equal 20 were symptomatic 
as compared to only 24% (5/21) above that level (Chi- 
square -- 10.5, p < 0.01). 
On the other hang using the same cut-off value did 
not separate plaques associated with or without 
cerebral infarction, since only 26 (38%) of the 68 
plaques with HI below or equal to 20 were associated 
with infarction, while 15 (71%) of the 21 plaques with 
HI above 20 were not associated with infarction, Chi- 
square = 0.65, p = NS. 
Yet this same value identified plaques associated 
with infarction with a specificity of 81% and sensitiv- 
ity of 71%, since 26 of 32 (81%) plaques associated 
with infarction had HI below or equal 20 and 15 out of 
21 (71%) of plaques with HI above 20 were not 
associated with infarction. 
i 
- • | Plaque morphology plays an important role in the 
_ | | pathogenesis of cerebrovascular events. Fragments of 
| • 
• atherosclerotic material originating from the carotid _ • | 
= | bifurcation plaques and embolising to the brain 
- • | provide the most plausible explanation for symptoms 
- i • of cerebral ischaemia nd cerebral infarction. Emboli 
INF NO INF are compatible with focal symptoms of sudden onset 
and short term nature as embolic material can 
Fig. 5. The heterogeneity indexes (HI) in plaques associated with 
cerebral infarction (INF) and plaques not associated with infarction abruptly reduce blood flow and their dissolution 
(NO INF). would permit return of flow. 4 This may explain the 
Discussion 
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Fig. 6. The frequency distribution ofthe heterogeneity indexes in plaques associated with cerebral infarction (O) and those not associated 
with infarction (©). 
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relief of cerebral symptoms following carotid occlu- 
sion, ligation or removal of the embolic source at 
carotid endarterectomy. 
Langsfeld et al. in 1989 confirmed the relationship 
between the more echolucent plaque with subsequent 
symptoms and suggested that a change in plaque 
morphology may reflect an important step towards 
the production of neurogenic symptoms. They dem- 
onstrated the dynamic nature of the carotid plaques 
and showed that the majority of patients who devel- 
oped symptoms exhibited plaques that underwent a
change in plaque morphology. They showed that 
plaque instability with increase in plaque echolucency 
and luminal stenosis was associated with the onset of 
30 • 
25 • 
SYMP ASYlVIP 
Fig. 7. The heterogeneity indexes (HI) in symptomatic (SYMP) and 
asymptomatic (ASYMP) plaques. 
neurogenic symptoms. Changes in the plaque struc- 
ture may reflect softening and degeneration with 
intimal breakdown with embolisation of the fibrous 
cap or the plaque contents. 4 Because of the non 
invasive nature of duplex scanning, it can be used 
frequently to reassess the status of the carotid artery 
and may play an important role in determining when 
intervention would be appropriate. 14
In the presence of carotid stenosis, flow velocity 
increases across the stenotic segment and tangential 
wall pressure decreases according to Bernoulli's prin- 
ciple. Both proximal and distal to the stenosis rela- 
tively low flow but high pressure areas exist. The net 
effect of these pressure differentials could unroof the 
plaque allowing its core to erupt with embolisation of 
plaque material. The increase of the degree of internal 
carotid artery stenosis is associated with an increase of 
the pressure differentials across the plaque and an 
increase incidence of plaque rapture with embolic 
complications. 14 This would explain the fact that 
increasing grades carotid stenosis is associated with 
an increase risk of cerebral infarction and subsequent 
neurogenic events. 15'16 In addition, Moore et al. have 
shown that carotid stenosis of more than 50% is 
associated with a 15% stroke incidence as compared to 
3% incidence with 1-49% stenosis at 2 years. 17 Soft 
lipid laden plaques, which appear echolucent on 
ultrasonography, would rapture easier and more 
readily than dense fibrous echogenic plaques under 
the effects of these pressure forces explaining why 
dense, fibrous echogenic plaques are more prevalent 
in asymptomatic patients, while soft lipid laded 
echolucent plaques are more common in patients with 
symptomatic erebrovascular disease and are asso- 
12 
10 
8 
2 
0 
HI 
Fig. 8. The frequency distribution ofthe heterogeneity indexes of symptomatic (O) and asymptomatic ((9) plaques. 
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ciated with a high incidence of ipsilateral cerebral 
infarctions, ,6 
Gray-Weale et al. 18 described 4 types of carotid 
plaques according to their appearance on ultra- 
sonography as follows: Type 1: Uniformly echolucent 
plaques with a thin echogenic ap. Type 2: Predom- 
inantly echolucent plaques with less than 25% echo- 
genic areas. Type 3: Predominantly echogenic plaques 
with less than 25% echolucent areas. Type 4: Uni- 
formly echogenic plaques. 
On the other hand Sterpetti et aI. in the same year 12 
classified plaques into homogenous and heteroge- 
nous. Close examination of their definitions shows 
that their heterogenous plaques were predominantly 
echolucent while their homogenous plaques were 
predominantly echogenic as mentioned in the intro- 
duction of this paper. In their study heterogenous 
plaques were associated with an increased risk of 
subsequent neurogenic events and were considered 
unstable plaques. The same conclusion was reached 
by Langsfeld et al. in 1989. 4
The main problem with the classification of plaques 
into homogenous and heterogenous is the fact that 
homogenous plaques could be interpreted either as 
homogenous and totally echolucent or homogenous 
and totally echogenic. The totally echolucent plaques 
which correspond to type I in Gray-Weale's classifica- 
tion is of higher risk than the totally echogenic ones 
that correspond to type 4 in Gray-Weale's classifica- 
tion. 18 Also heterogenous plaques could be interpreted 
either as heterogenous but predominantly echolucent 
which correspond to type 2 in Gray-Weale's classifica- 
tion or predominantly echogenic which correspond to 
type 3 in Gray-Weale's classification. The former is of 
higher risk than the latter. 4
Furthermore, all these classifications depended 
upon subjective visual characterisation a d there was 
no objective mean to evaluated the carotid plaque 
morphology on ultrasonography. 
This study provides an objective way to assess  
plaque morphology on ultrasonography b  evaluating 
its echogenicity and heterogeneity objectively using 
computerised image analysis techniques. The median 
of the grey scale content of each plaque was measured 
and used as the gauge of plaque echogenicity. This 
was then correlated to the presence of cerebral 
infarction. We have shown that plaques with a grey 
scale median below or equal to 32 are associated with 
a significantly higher incidence of cerebral infarction 
as compared to those with a grey scale median above 
that level and could be considered as high risk 
unstable plaques. On the other hand plaques with 
grey scale median above 32 could be considered as 
low risk stable plaques. This applied for both sympto- 
matic and asymptomatic plaques. In addition we have 
shown that symptomatic plaques are more echolucent 
and associated with a higher incidence of cerebral 
infarction than asymptomatic plaques. We have also 
shown that the higher the degree of carotid stenosis 
the higher the incidence of cerebral infarction and the 
higher the incidence of symptoms of cerebrovascular 
disease. 
Plaque heterogeneity was measured as the differ- 
ence in the echogenicity between the most echogenic 
and the most echolucent areas within the plaque. We 
have shown that plaques associated with cerebral 
infarction are less heterogenous than those not asso- 
ciated with infarction and that symptomatic plaques 
tend to be less heterogenous than asymptomatic 
plaques. 
This study has shown that the identification of the 
high risk carotid plaques, i.e. those associated with a 
high incidence of cerebral infarction is possible and 
applies both in the symptomatic and asymptomatic 
patients, using computerised measurement of plaque 
echogenicity, heterogeneity and estimation of the 
degree of carotid stenosis by duplex scanning. 
Although the role of carotid endarterectomy in the 
management of patients with advanced asymptomatic 
carotid stenosis is beyond the scope of this paper, we 
believe that the only way forward in this field is a 
structured natural history study in which the above 
factors are evaluated and the identification of a high 
risk group established. Only then randomised trials of 
surgery plus best medical treatment vs. best medical 
treatment alone in this high risk group could be 
undertaken in order to avoid surgery on a large 
number of low risk patients who might not benefit 
from this unwarranted expensive therapy. 
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